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STUDY LOCATION AND OBJECTIVES
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STUDY LOCATION AND OBJECTIVES

Fig. 1. Location of the study
area in the vicinity of the I-C
longwall marked with the red
polygon with five horizontal
degassing b orehole system
visualized on the structural
map of the coal seam (CS) 501
bottom within the C field in the
Staszic-Wujek Coal Mine
limited with major faults (A)
and the interval of the interest
subjected to the drainage (B).
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METHODOLOGY
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Figure. 2. Integrated geological geomechanical and fluid flow modelling and simulation workflow




3D STRUCTURAL MODEL

[ 3D GEOLOGICAL MODEL .
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3D PARAMETRIC MODEL

Development of large scale lithotype model driving
parametric models of petrophysical and geomechanical

properties.
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3D PARAMETRIC MODEL — PETROPHYSICAL PROPERTIES
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Fig. 4.Petrophysical large scale models of the C field strata between top surface and 610 CS in the Murcki-Staszic coal mine




3D PARAMETRIC MODEL — GEOMECHANICAL PROPERTIES
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3D PARAMETRIC MODEL — GEOMECHANICAL PROPERTIES
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INITIAL STRESS AND STRAIN IN REGIONAL MODEL
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3D PARAMETRIC MODEL — LOCAL-SCALE MODELS
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EFFECTIVE COUPLING OF FLOW AND GEOMECHANICAL SIMULATIONS

PROBLEM: Simultaneous flow and geomechanical
simulations — complex simulation modelling of very high
computational costs

CONVENTIONAL APPROACH: External coupling between
separate simulations of fluid flow evolution (pressure and
saturation distributions) and static geomechanical state
(strain and stress tensor distributions) by best available
flow and geomechanical simulators, respectively —
iterative method supplemented with correlations between
rocks transport properties and their geomechanical state
— until appropriate consistency achieved

Effectiveness of the approach, depending on the rates of
geomechanical and transport properties variations, may
result in work- and time- consuming runs
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EFFECTIVE COUPLING OF FLOW AND GEOMECHANICAL SIMULATIONS
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GEOMECHANICAL EFFECTS UPON ROCK PROPERTIES

Geomechanical state variations during coal mining:
= elastic deformations due to pressure reduction — continuous variations — global (model) range - implicit simulations
= plastic deformations due to excavation activities — (model) discrete variations — local range — explicit simulations
= rock (coal) failure — (model) discrete variations — local range — explicit simulations

Effects of geomechanical state variations upon transport properties of rocks:
= porosity, ¢ (pore volume, PV) modifications due to elastic and plastic deformations
= permeability, k (transmissibility, T) modifications due to elastic and plastic deformations
= diffusion rate increase due to rock (coal) failure



EFFECTS OF CONTINOUS DEFORMATIONS

Effective correlations between reservoir pressure variations (AP) and rock transport properties (AT, APV) implicitely applied in simulation
process and combined from:

= Jocal correlations between reservoir pressure variations (AP) and modifications of rock transport properties from geomechanical
effects (Ag, Ao)

= correlations between geomechanical state variations (Ag, Ac) and rock transport properties (AT, APV), e.g.
Kozeny-Carman isotropic model

Ad = ale, B

Local correlation: APV vs AP

$3/(1 — §)?
Ti - T i
M d3/(1 - do)?

ore volume multiplication factor, PV/PV, [-]
o ° ° ° e

where: .‘ = ’
T; = modified transmisibility in i—th main direction, T T e D
To; = initial transmisibility in i—th main direction NS ]
¢ = modified porosity, \ 4 QA// _
¢, = initial porosity, Local correlation: Ag vs AP AV, 4 Local correlation: AT vs AP

Ad = change in porosity,
A€, = change in volumetric strain,
a = Biot's coefficient

s A8, ]

s e
g 3
g B

Transmisibility multiplication factor, /T, [-]
° ° ° o N N

Change of volumetric strain

2 Leveeen®

0 60
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EFFECTS OF DISCRETE DEFORMATIONS

Step-like modifications of rock transport properties (AT, APV) explicitly introduced into simulation process and determined
from correlations between the properties and geomechanical state modifications (Ae, Ac), e.g.

Durucan and Shi anisotropic model
Ti — T()i e—C 21;3:1 AO‘j(l—Si]')

where:
T; = modified permeability in i—th main direction,
To; = initial permeability in i—-th main direction,
c = permeability compressibility,
Ao; = change in effective stress in j—th main direction,
6;; = Kronecker delta



DISCRETIZATION OF THE SIMULATION PROCESS
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SUMMARY AND CONCLUSIONS

To assess the effectivness of the aplied drainege technology a numerical methods
coupling geomechanical and fluid flow models were used

The method proposed in the studies and comprising effectively coupled
geomechanical and dynamical simulations of reservoir region and its extension
allows to take into account impact of geomechanical effects (A, Ac ) upon
transport properties of reservoir rock ‘APV, AT ) at various considered stages
including gate road excavations, long wall movement or drilling conventional and
LRDD including continuous flow and geomechanical variations: AP — Ag, Ac —>

APV, AT

the quantitative results of those geomechanical effects depend upon detailed
properties of both geomechanical state evolution and geological characteristics of
the coal seam and surrounding strata,

the following 2 correlations are key factors when the effective transport
properties of the rock are concern:

the correlation between geomechanical state (stress and strain field) and

and rock transport properties Kozeny — Carman (isotropic model) and
Durucan and Shi (anisotropic model)

The dynamic models are in the stage of calibration to achieve comparable
drainage effectiveness as it was reported by the coal mine operator. The matching
is not easy due to several factors: the (1uality of the data obtained from the mine,
geomechanical effects hindering the flow of methane to the directional wells -
stress shadow effect, and the complicated traljectory of the boreholes, as well as
complex lithotypes spatial distribution. Finally, it is worth mentioning that the
calibration process is not finished as the project is still ongoing.
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